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Abstract 
The aim of this work was to review the studies that evaluated the effect of drying temperature on 
the content of ascorbic acid (AA), total phenolic (TPC) and total flavonoid contents (TFC) in 
fruits and vegetables, and quantify whether drying at 40°C is more favorable than at higher 
temperatures. For the purpose of this study, AA, TPC and TFC values for 40°C were compared 
with those obtained at 50°C, 60°C and 70°C–80°C. A meta-analysis was performed using the 
weighted response ratio calculated for each experiment. Despite the fact that other variables 
significantly influenced the nutrient content in individual experiments, the meta-analysis 
provided a general view on the effect of air-drying temperature on the quality of plant-based 
food products from outcomes of various studies.             
 
Keywords: air drying; ascorbic acid; phenolics; flavonoids; temperature effect; response ratio; 
 
Introduction 
Drying (or dehydration) is a well known method for the preservation and increase of shelf life of 
fresh fruits, vegetables and other edible plant-based material. Various technologies of drying 
have been developed in order to minimize the losses of vitamins and other biologically active 
compounds. The combination of microwave, vacuum, infrared or freeze drying can reduce 
nutrient losses and improve the nutritional quality of dried fruits and vegetables.(1–3) However, 
these techniques are usually applied in industry and cannot be used as home-drying methods due 
to the technological barriers. For domestic purposes, drying with circulated hot air using kitchen 
oven or food dehydrator still prevails. This technique is increasingly utilized for the preparation 
of vegetarian or vegan foods, particularly for those who follow raw food diet. According to the 
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popular book for raw food adherents (4), dehydration at temperatures not exceeding 46°C is 
allowed to preserve nutrients and enzymes in such prepared meal. This claim was supported by 
Sablani (3), who evaluated 28 studies regarding hot-air drying and concluded that the low drying 
temperatures favor nutrient retention in dried fruits and vegetables. Ascorbic acid (AA) 
degradation and retention in 60 fruit and vegetable species during various drying treatments were 
assessed by Santos and Silva (5). They indentified that temperature and time with combination of 
oxygen and area of surface exposed to the drying conditions are the most important parameters 
affecting ascorbic acid degradation. On the other hand, Oliveira et al. (1) found in their review 
that the relation between drying temperature and vitamin C losses were not always consistent. It 
should be noted that conclusions were based on authors’ experience and knowledge, and did not 
quantitatively summarize the effect of drying temperature by combining the results from 
different researches.  
Since ascorbic acid, phenolic and flavonoid compounds are essential substances found in many 
fruits and vegetables, and have an important health-promoting effect, the majority of researchers 
study the effect of drying conditions on their contents. (6) Ascorbic acid content usually 
decreased with the increase of temperature (2); however, experiments using drying at low 
temperatures remained contradictory in their results. For example, the same ascorbic acid 
retention was found for strawberry samples dried at 40°C and 50°C (7) whereas higher content of 
ascorbic acid was determined in fruits dried at temperature > 50°C in comparison with that of 
40°C using hot-air drying. (8, 9) The effect of drying temperature on the total phenolic content 
(TPC) was examined in various plant-based materials and was found to be inconsistent in results. 
While decrease in TPC with the increase in temperature from 40°C to 70°C was published for 
cocoa bean (10), sweet corn (11), tomatoes (12), carrots (13), gac fruit (14), leaves of Stevia 
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rebaudiana (15) or jaboticaba fruit (16), the increase in TPC with the increase of drying 
temperature was observed for apple (17), ginger rizome (18), cucumber (19) or quinoa seed (20). 
Total flavonoids content (TFC) also showed both decrease (11, 15, 21, 22) and increase trends 
(24–26) with the increase in temperature in the range from 40°C to 70°C.  
In this paper, a systematic review and statistical analysis of the effect of various drying 
temperatures on the content of ascorbic acid, total phenolics and flavonoids in edible plant-based 
material using meta-analysis are presented. Meta-analysis is a statistical method that summarizes 
the results of independent experiments and was primarily designed for medical, psychological 
and social sciences. (27) Combining the outcomes of various studies and calculating their effect 
sizes resulted in main conclusion whether the effect (treatment) is significant in comparison with 
the control. In a past decade, meta-analytical approach has been exploited for comparing the 
nutritional quality between conventional and organic dairy products (28) or meat (29) or 
measured the effect of technological processes on the content of vitamins (30), carotenoids (31), 
and pesticide residues (32) in foods. The method based on the response ratio (R) was adopted 
from the study of Hedges et al. (33). The response ratio is the ratio of measured quantity in 
experimental and control groups; it measures the proportional changes resulted from an 
experimental treatment. This method was previously applied to the effects of various food 
processing techniques on pesticide residues (32) and pigment contents (31) in fruit and 
vegetables.  
The aim of this work was to review the studies that have evaluated the effect of air drying of 
edible plant-based material in the temperature range from 40°C to 80°C on the content of 
ascorbic acid, total phenolics and flavonoids. An attempt to quantify the effect of drying at low 
temperature (40°C) compared with products dried at higher temperatures has been made using 
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meta-analysis.   
Methods 
Literature search 
A literature search on effects of drying temperature on the ascorbic acid, total phenolic and 
flavonoid contents in fruits and vegetables was carried out on the Scopus and ISI Web of 
Knowledge databases in July 2016. The initial criteria for inclusion of a study in the meta-
analysis were as follows; peer-reviewed journal written in English language, particular methods 
of drying (air-drying, oven-drying, conventional-drying), drying temperatures (40°C and then 
higher up to 80°C) and the content expressed in dry weight (dw). Total phenolic and flavonoid 
contents should be expressed as gallic acid and catechin equivalents, respectively. The samples 
used for the meta-analysis have to be dried without any pre-drying treatment. The following 
combinations of keywords were used; "drying or dried", "fruit or vegetable", "ascorbic acid", 
"phenolic", "polyphenolic", "flavonoid", "antioxidant", "temperature effect". Title, authors and 
abstract were collected from both databases, combined and duplicates were removed. Then titles 
and abstracts were individually evaluated by each author in order to find relevant articles 
meeting the initial criteria. Downloading the full articles followed. If not available online, 
corresponding author was kindly requested for sending reprint. Reference sections of the 
retrieved articles were checked for additional studies. 
Data collection 
Only data from the studies with at least two samples and available standard deviation (SD) were 
used in meta-analysis. Results reported in tables were used directly; those in graphical form were 
treated as follows: first, corresponding author was kindly asked for numerical data and second, 
the figure was enlarged, printed and measured using a ruler as was previously described. (29) 
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When concentration of target compounds was presented as a time-dependent relationship (i.e., 
kinetic data only in graphs), the numerical values with standard deviations were retrieved for the 
same time of drying. The concentrations of ascorbic acid, total phenolic and flavonoids contents 
in plant-based products were divided into the groups where those obtained at 40°C were used as 
a control. As treatment groups, data retrieved from drying experiments at 50°C, 60°C and 70°C–
80°C were used and abbreviated as LTD (low temperature difference), HTD (high temperature 
difference) and VHTD (very high temperature difference), respectively. All the concentrations of 
AA, TPC and TFC were expressed in mg per 100g of dw.   
Meta-analysis calculation 
Since response ratio can be biased when quantifying the outcome from studies with small sample 
size, a simple formula for checking the relevance of every study to be incorporated into the meta-
analysis was applied using mean (X), sample size (n) and standard deviation (SD) (34):  
 

ቆ ସ
య
మ
ଵାସቇ 	≥ 3         (1) 
If the Eq. (1) is true, then a study meets inclusion criterion for the calculation of response ratio. 
Meta-analysis of response ratio was applied as described by Hedges et al. (33). The log response 
ratio (L) was calculated for every experiment using formula L = ln R, where R = XT/XC. XC is the 
concentration of AA, TPC or TFC after drying at 40°C and XT is the concentration of the same 
after drying at 50°C, 60°C and 70°C–80°C. The sampling variability (V) was calculated using 
Eq. 2 
    =	 (ୗୈ౐)మ୬(ଡ଼౐)మ	 +
(ୗୈి)మ
୬(ଡ଼ి)మ	        (2) 
A random effect model of meta-analysis was applied and the between-experiment variance (σ2) 
was estimated from the Q-statistic (a homogeneity test) at the significance level P=0.05 of the 
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Χ2-distribution at k – 1 degree of freedom, where k is the number of experiments: 
 ଶ = − ( − 1)/ሼ∑ − ሾ∑ଶ /∑ሿሽ     
 (3) 
where 
   =	∑ଶ − (∑)ଶ/∑      (4) 
and Wi is the inverse value of sampling variability (Vi). The weighted mean log response ratio 
(L*) was calculated as 
∗ = 	∑∗ /∑∗          
 (5) 
where Wi = 1/(Vi + σ2) 
The standard error (SE) of the weighted mean was calculated by 
(∗) = 	 ሼ(1/∑∗ )ሾ1 + 4∑1/d(∗ /)ଶሿሾ∗ (∑∗ −∗ )/(∑∗ )ଶሿሽଵ/ଶ (6) 
 
where df = 2n – 2 (degrees of freedom including both samples dried at 40°C and higher 
temperature). The confidence interval for the average log response ratio was calculated as 
∗ −/ଶ(∗) ≤  ≤ ∗ +/ଶ(∗)      
 (7) 
where zα/2 is the 100(1 – α/2) % point of the standard normal distribution. The weighted mean 
response ratio (R*) was obtained by taking the antilogarithm. The P value reflecting the statistical 
significance of estimated R* was calculated from a confidence interval according to procedure 
described by Altman and Bland (35). If the upper and lower limits of a 95% confidence interval 
are u and l respectively, then standard error SEp was calculated using formula: 
 = ( −)/(2 × 1.96)          
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 (8) 
a z statistic was estimated from response ratio R* using formula: 
 = ∗/           (9) 
followed by the calculation of P value using formula: 
 = (−0.717 × − 0.416 × ଶ)       (10) 
Results and discussion 
Literature search and data collection 
In a summary, the databases search revealed 1140 articles from 1990 to 2016 for all the 
variables. After removing duplicates (495 articles), 94 articles were selected on the basis of 
information included in title and abstract. A detailed study of materials and methods section of 
each article was then performed to be sure that only conventional drying techniques at 40°C, 
50°C, 60°C and 70°C-80°C will be used for meta-analysis (3 articles were excluded). Based on 
the result section screening, 45 articles were removed due to the absence of sample size, standard 
deviation or inappropriate expression of results (% of retention, wet basis, kinetic equations, 
composite design etc.). When means and standard deviations were estimated from graph using 
the ruler, the percentage error did not exceed 2.5% for mean and 5.0% for standard deviation. 
The data were also extracted from the graphs describing kinetics of degradation in three research 
articles, since authors presented their results with standard deviation. (13, 36, 37) In that case, the 
data were estimated for a specific drying time. An average mean and pooled standard deviation 
were calculated for experiment with other variables such as extraction solvent (38, 39), air 
velocity (21, 40–42) or moisture content. (42) Summary of the selected publications involving 
ascorbic acid, total phenolic and flavonoid contents is presented in Table 1.  
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Meta-analysis 
All the studies that met the inclusion criteria were reported with small sample sizes; that is, the 
means were usually calculated from duplicate to triplicate measurements. While it is sufficient 
for comparing the means within the experiment, possible large sample variability with small 
sample size can cause bias when using response ratio. Therefore, a standardized mean was 
calculated for all the control and treatment groups using Eq. (1) and only one experiment from 
LTD group was excluded (standardized mean 1.97). The effect of drying temperature on the 
content of ascorbic acid, total phenolics and total flavonoids is presented in Table 2. The results 
of each treatment group showed significant heterogeneity when compared with theoretical value 
from χ2 distribution at k – 1 degree of freedom. R* values <1 indicate decrease, and R* values >1 
indicate increase in ascorbic acid, total phenolic and total flavonoids contents in comparison with 
the drying at 40°C (control). The lower the R* value, the greater the reduction of the compounds. 
The R* value should also be interpreted as the increase or decrease of the compound´s content in 
percentage (i.e., R*=1.5 means increase of 50% and R*=0.8 means decrease of 20%).  
The effect of drying temperature on ascorbic acid content 
Ascorbic acid is an essential nutrient in the human diet, and its determination in fruits and 
vegetables serve as an indicator of the quality and efficacy of the drying process. Despite the 
abundance of studies related to ascorbic acid degradation, a limited number of reports were 
included in the meta-analysis (14, 17 and 9 studies for LTD, HTD and VHTD groups, 
respectively). According to the selected studies, drying plant-based food products at 50°C 
resulted in small but significant decrease (5.3%) of ascorbic acid content (R*=0.947, P=0.007) 
when compared with the control. Drying at 60°C (HTD group) and 70°C–80°C (VHTD group) 
enhanced the degradation of ascorbic acid with R* value to be 0.782 (P<0.001) and 0.470 
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(P<0.001), respectively (Table 2). These values corresponded to ascorbic acid decrease of 21.8% 
and 53.0%, respectively.  
Ascorbic acid can be easily degraded depending on various factors like temperature, drying time, 
moisture content, air velocity, sample geometry, the presence of enzyme, oxygen and metallic 
catalysts. (5) Considering the drying temperatures in the range from 40°C to 80°C, the higher the 
drying temperature, the greater ascorbic acid losses have been observed for many plant-based 
products (8, 15, 19, 36, 43); however, AA content may also increase when dried at 50°C as was 
observed in salak fruit (9), tomato slices (40) and pears. (37) Gamboa-Santos et al. (7) found 
similar amount of ascorbic acid in strawberries after drying at 40°C and 50°C for 7 h. The initial 
moisture content of the products plays a key role during the thermal degradation of ascorbic acid. 
According to Santos and Silva (5), the effect of moisture content is predominant at the beginning 
of the drying process (high moisture content), while the temperature effect prevails when process 
continues (low moisture content). The loss of ascorbic acid during drying could be also attributed 
to a combination of thermal degradation and enzymatic oxidation. For instance, drying salak 
fruits at 40°C for a long time prevented the thermal degradation but initiated enzymatic 
oxidation. Drying at 50°C significantly shortened the drying period and prevented enzymatic 
oxidation while thermal degradation was insignificant and resulted in higher retention of ascorbic 
acid at 50°C than at 40°C. Thermal degradation predominated when drying temperature was 
further increased to 60–70°C. (9) Moreover, ascorbic acid may act as an oxidant for the 
reduction of o-chinones limiting the enzymatic browning in fruits dried at higher temperatures. 
(37)   
In a recent study of Kurozawa et al. (36), glass transition phenomenon has been attributed to the 
thermal degradation of ascorbic acid in papaya samples. The glass transition temperature is 
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defined as the temperature at which an amorphous system changes from the glassy to the rubbery 
state. In the latter, the molecular mobility is accelerated, which results in higher reaction rates. 
Since glass transition temperature is a function of moisture content, papaya samples were in the 
rubbery state at the beginning of drying process and exhibited high degradation rate of ascorbic 
acid. At low moisture content, glass transition temperature increased allowing the papaya sample 
to pass from rubbery to glassy state where the mobility of reactants was reduced.  
Air velocity may have an influence on the drying kinetics and hence, affects the degradation of 
ascorbic acid. Higher flow rate increases drying rate due to the faster movement of water 
molecules from the surface of the solids to the drying medium resulting in lower retention of 
ascorbic acid as was determined for tomato slices (1.0 and 2.0 ms-1) (40) or papaya (1.0 and 1.32 
ms-1). (36) Air velocity ranged from 0.3 ms-1 to 3.8 ms-1 across the studies included in the meta-
analysis.  
Based on the results of meta-analysis, drying plant-based products at 50°C leads only to a small 
difference in AA content in comparison with those dried at 40°C. Generally, it may imply that 
ascorbic acid is not as heat-labile at these temperatures than at higher temperatures. Even though 
there are numerous variables affecting the AA content during drying, response ratio, as a metric 
in meta-analysis, allowed determining the effect of drying temperature on the retention or 
degradation of ascorbic acid within studies.   
The effect of drying temperature on total phenolic content 
Epidemiological studies give evidence that consumption of the variety of phenolic compounds 
present in plant-based food products decreases the risk of chronic diseases. (62, 63) Therefore, 
an increased interest in determination of the effect of drying conditions on the content of 
phenolic compounds was found during the search. For instance, using the term "phenolic" in 
Ac
ce
pte
d M
an
us
cri
pt
12 
 
combination with "dried or drying" and “fruit and vegetable" resulted in 863 records in Scopus 
database with a sharp increase in records from 2002 (5 records) to 2015 (123 records). A simple 
method (Folin-Ciocalteu´s method) used for measuring the total phenolic content in natural 
matrices and the expanding use of chromatographic methods for quantification of phenolic 
individuals may also contribute to the increased number of publications.  
For the meta-analysis, 22, 34 and 24 studies were used for LTD, HTD and VHTD treatment 
groups in our study, respectively. According to the weight response ratio, drying at 50°C and 
60°C did not cause significant changes in TPC when compared with those drying at 40°C (Table 
2). Estimated R* values were 1.002 (P=0.995) and 0.985 (P=0.699) for LTD and HTD groups, 
respectively. As can be seen from Table 2, the true R* value for LTD and HTD groups lie within 
95% confidence interval of 0.949–1.057 and 0.915–1.060, respectively. These findings indicate 
that drying at 50°C and 60°C does not result in significant changes in the content of TPC. 
Decrease in TPC with the increase in drying temperature above 60°C can be explained by the 
thermal degradation (11, 13), ability of binding phenolic compounds to proteins and changes in 
chemical structure leading to the low extraction efficiency. (2) In general, the temperature has 
negative effect on the total phenolic content but the formation of phenolics at higher 
temperatures has also been observed. (1) Higher temperatures of drying are usually accompanied 
by a shorter drying time in order to achieve constant moisture content, which may decrease the 
extent of the degradation reactions as was found during drying of passion fruit (55), apple (17), 
Allium roseum leaves (21) and maqui berries. (24) At moderate drying temperature, long 
exposure to warm air may lead to the excessive oxidation of some phenolic compounds by the 
presence of oxygen (41) or by enzymatic activity (23, 44, 64). Rodrigues et al. (64) determined 
high activity of polyphenoloxidase in apple samples after convective drying at 45°C, which 
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decreased with an increase of drying temperature in their study.  
As was presented above, R* values for LTD and HTD groups were close to one suggesting that 
the same retention of phenolics can be achieved regardless whether the plant-based food 
products are dried at 40°C, 50°C, or 60°C. Concerning VHTD group, a total phenolic content 
decrease of 21.2% was determined using response ratio (R*=0.788, P=0.003). This finding 
indicates that more thermal decomposition of phenolic substances occurred during drying at 
higher temperatures (i.e., 70°C or 80°C) in comparison with those dried at 40°C.  
The effect of drying temperature on total flavonoid content 
Flavonoids constitute a large group of phenolic compounds naturally occurring in plant 
materials. Currently, there is an increasing interest in flavonoids research due to the beneficial 
effect on urinary tract infections, cognitive functions, age-related cognitive decline, cancer and 
cardiovascular disease. (65) However, flavonoids content in raw plant-based material may be 
affected by different processing method including drying.  
Although the term "flavonoid" combined with terms "drying or dried" and "fruit or vegetable" 
resulted in hundreds of records, a limited number of studies meeting the inclusion criteria were 
found (Table 2). According to the results of the meta-analysis, no statistical differences in TFC 
were observed for all the treatment groups. Thus, the air-drying of plant-based food products at 
temperatures higher than 50°C did not significantly affect total flavonoids content in comparison 
with the low-temperature drying treatment, probably due to the high heterogeneity within a small 
number of studies. With respect to the 95% confidence interval, both reduction (R*<1) and 
increase (R*>1) of flavonoid constituents have been observed in all the treatment groups, 
although the R* value 0.881 for HTD and 0.914 for VHTD groups may imply a slight decrease in 
TPC. An decrease of flavonoids content with the increase in drying temperature can be attributed 
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to the binding of polyphenols to other compounds or to alterations in the chemical structure of 
phenolic compound hindering extraction or determination by the available methods. (15) On the 
other hand, an increase in TFC values with increasing drying temperature was reported for olive-
waste cake (22) and loquat flower tea (26), which can be explained in the same way as discussed 
above; i.e., the higher the temperature the shorter drying time is necessary to achieve constant 
moisture content in the final product. Negative effect of drying temperature on the total 
flavonoids content was elucidated in the recent work of Rodríguez et al. (24), where the 
transition of various flavonoid constituents from the bound to the free form was observed during 
drying of maqui berries. For example, rutin hydrate in bound form decreased while rutin hydrate 
in free from increased with an increase in drying temperature. They also found that each 
constituent responded in different ways to the elevated temperature.  
The total flavonoids content was determined using aluminium chloride assay in all the studies 
involved in the calculation of response ratio. In this assay, flavonoids react with hydroxyl in 
catecholic moiety in B ring; however, glycosylation prevents the chelation with AlCl3 (66). 
These results have to be interpreted with caution since a relatively small number of studies were 
used for the calculation of response ratio, particularly those incorporated into LTD group (5 
studies). Beside, two studies were performed by the same collective of authors (23, 24), and 
probably in the same laboratory, which may interfere with the basic principle of meta-analysis 
(i.e. comparison of outcomes from independent studies).  
The limitation of this study was incomplete data from all the research papers found in databases. 
A number of experiments involved in meta-analysis have to be reduced because some research 
articles did not provide standard deviation values that are necessary for the calculation of 
response ratio. There were also not enough data to analyze the effect of drying temperature at 
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compound level; therefore, we included research articles in which total phenolics and flavonoids 
were determined.     
Conclusion 
The idea of quantifying the effect of drying temperatures on the content of nutrients has emerged 
as the response to the increasing popularity of raw foods. The raw food adherents eat fresh or 
minimally processed plant-based products, where the term "minimally" reflects drying at low 
temperature. Therefore, we extracted data from various studies dealing with air-drying of plant-
based material and applied a meta-analytical approach in order to assess whether drying at 40°C 
is better than at higher temperatures. Ascorbic acid, total phenolic and total flavonoids contents 
were used as indicators due to their abundance in literature. Meta-analysis using response ratios 
showed that drying temperature significantly decreased ascorbic acid content without respect to 
other variables such as type of product, drying time, air velocity, geometry of samples, and 
sample load. Phenolics and flavonoids were not strongly influenced by the drying temperatures 
with the exception being the total phenolic content in plant-based food products dried at 70°C–
80°C, where a significant decrease was observed in comparison with those dried at 40°C. Meta-
analysis proved to be an efficient way to summarize the effect of drying temperatures on the 
ascorbic acid, total phenolic and flavonoid contents in plant-based food material. Response ratio, 
as the effect size estimator, is able to indicate those temperatures that cause reduction or 
increase, and those that may cause both reduction and increase. Nevertheless, some calculations 
were performed using a limited number of experiments presenting a challenge for further 
research in this topic.  
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Table 1 Plant-based food products included in meta-analysis   
Commodity 
Temperatures included in meta-
analysis 
Bioactive compounds 
Strawberry (7) 40 °C, 50 °C, 60 °C, 70 °C Ascorbic acid 
Apricots (8) 40 °C, 60 °C Ascorbic acid 
Salak fruit (9) 40 °C, 50 °C, 70 °C Ascorbic acid, TPC 
Cocoa bean (10) 40 °C, 50 °C, 60 °C TPC 
Sweet corn (11) 40 °C, 60 °C, 70 °C TPC 
Tomatoes, six cultivars (12) 40 °C, 80 °C TPC, TFC 
Carrots (13) 40 °C, 50 °C, 60 °C, 70 °C TPC 
Gac fruit (14) 40 °C, 50 °C, 60 °C, 70 °C TPC 
Leaves (Stavia rebaudiana) (15) 40 °C, 50 °C, 60 °C, 70 °C Ascorbic acid, TPC, TFC 
Jaboticaba fruit (16) 40 °C, 50 °C, 60 °C TPC 
Apple (TYA cultivar “Red Fuji”) 
(17) 
40 °C, 60 °C, 80 °C 
TPC 
Ginger rizome (18)  40 °C, 50 °C, 60 °C, 70 °C TPC 
Cucumber (19) 40 °C, 60 °C Ascorbic acid, TPC 
Quinoa seed (20) 40 °C, 50 °C, 60 °C, 70 °C TPC 
Leaves (Allium roseum) (21) 40 °C, 50 °C, 60 °C TPC, TFC 
Olive cake (Picual variete) (22) 40 °C, 50 °C, 60 °C, 70 °C TPC 
Murta berry (23) 40 °C, 50 °C, 60 °C, 70 °C TPC, TFC 
Maqui berry (24) 40 °C, 50 °C, 60 °C, 70 °C TPC, TFC 
Olive cake (Frantoio variete) (25) 40 °C, 50 °C, 60 °C, 70 °C TPC, TFC 
Loquat flower (26) 40 °C, 60 °C, 80 °C TPC 
Papaya (36) 40 °C, 50 °C, 60 °C, 70 °C Ascorbic acid 
Pear (37) 40 °C, 50 °C, 60 °C, 70 °C Ascorbic acid, TPC 
Pomegranate peel (38) 40 °C, 60 °C TPC 
Rosemary, motherwort, peppermint 
(39) 
40 °C, 70 °C 
TPC 
Tomatoe (Hong Xui hydrid no. 1 
variety) (40) 
40 °C, 50 °C, 60 °C 
Ascorbic acid 
Roselle (Hibiscus sabdariffa L.) (41) 40 °C, 60 °C, 80 °C TPC 
Apple (Granny Smith variete) (42) 40 °C, 60 °C, 80 °C TPC 
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Orange and mandarin peels (43) 40 °C, 50 °C, 60 °C, 70 °C Ascorbic acid 
Olive leave (44) 40 °C, 50 °C, 60 °C TPC 
Pomegranate seed (45) 40 °C, 50 °C, 60 °C TPC 
Leaves (Vitex nefundo, V. trofolia) 
(46) 
40 °C, 50 °C, 70 °C 
TPC 
Pear (47) 40 °C, 60 °C TPC 
Apricot (48) 40 °C, 60 °C TPC 
Banana (Musa ABB) (49) 40 °C, 50 °C, 60 °C, 70 °C TPC 
Papaya (50) 40 °C, 60 °C, 80 °C Ascorbic acid 
Seaweeds (Kappaphycus alvarezii) 
(51) 
40 °C, 80 °C 
TPC, TFC 
Carrot (52) 40 °C, 50 °C, 60 °C, 70 °C Ascorbic acid 
Onion (Mondego variete) (53) 40 °C, 50 °C, 70 °C Ascorbic acid 
Cherry tomatoe (Shiren cultivar) 
(54) 
40 °C, 60 °C, 80 °C 
Ascorbic acid 
Passion fruit (55) 40 °C, 50 °C, 60 °C, 70 °C TPC 
Murta berry (56) 40 °C, 50 °C, 60 °C TPC 
Cherry tomatoe (57) 40 °C, 60 °C, 80 °C TPC 
Leaves (Musa acuminata) (58) 40 °C, 50 °C, 60 °C TPC 
Algae (Glacilaria) (59) 40 °C, 50 °C, 60 °C, 70 °C TPC 
Eggplant (60) 40 °C, 50 °C, 60 °C Ascorbic acid 
Guava (61) 40 °C, 50 °C, 60 °C, 70 °C Ascorbic acid 
TPC, total phenolic content; TFC, total flavonoid content 
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Table 2 Meta-analysis of the effect of drying temperature on ascorbic acid, total phenolic and total 
flavonoid contents in plant-based food products 
 Total 
number of 
studies 
Total number 
of samples Q R* 95% CI P 
Ascorbic acid       
LTD 
14 
49 1746.39 0.947 
0.911–
0.986 
0.007 
HTD 
17 
67 3313.29 0.782 
0.753–
0.813 
< 0.001 
VHTD 
9 
34 1028.80 0.470 
0.444–
0.497 
<0.001 
Total phenolic 
content 
 
     
LTD 
22 
90 3488.40 1.002 
0.949–
1.057 
0.955 
HTD 
34 
176 128,872.30 0.985 
0.915–
1.060 
0.699 
VHTD 
24 
120 21,500.05 0.788 
0.674–
0.921 
0.003 
Total flavonoids 
content 
 
     
LTD 
5 
18 148.42 1.012 
0.876–
1.170 
0.880 
HTD 
7 
33 1073.64 0.881 
0.715–
1.085 
0.236 
VHTD 
8 
30 2685.89 0.914 
0.653–
1.279 
0.613 
LTD, low temperature difference (40°C vs. 50°C); HTD, high temperature difference (40°C vs. 60°C); 
VHTD, very high temperature difference (40°C vs. 70°C–80°C); Q, Q-statistic value; R*-weighted 
response ratio; 95%CI, 95% confidence interval; P, probability level. 
